The prevalence and type diversity of human astroviruses (HAstV) in children with symptomatic and asymptomatic infections were determined in five localities of Mexico. HAstV were detected in 4.6 (24 of 522) and 2.6% (11 of 428) of children with and without diarrhea, respectively. Genotyping of the detected strains showed that at least seven (types 1 to 4 and 6 to 8) of the eight known HAstV types circulated in Mexico between October 1994 and March 1995. HAstV types 1 and 3 were the most prevalent in children with diarrhea, although they were not found in all localities studied. HAstV type 8 was found in Mexico City, Monterrey, and Mérida; in the last it was as prevalent (40%) as type 1 viruses, indicating that this astrovirus type is more common than previously recognized. A correlation between the HAstV infecting type and the presence or absence of diarrheic symptoms was not observed. Enteric adenoviruses were also studied, and they were found to be present in 2.3 (12 of 522) and 1.4% (6 of 428) of symptomatic and asymptomatic children, respectively.
Human astroviruses (HAstV) are recognized as a common cause of infantile gastroenteritis worldwide (5, 27) . The astrovirus virions are 28-to 34-nm-diameter nonenveloped particles which were first described in 1975 (1; C. R. Madeley and B. P. Cosgrove, Letter, Lancet ii:124, 1975). Epidemiological studies carried out in different locations in the world have reported astrovirus prevalence rates of 2 to 16% among children hospitalized with diarrhea and 5 to 17% among children with diarrhea in community-based studies (27) .
HAstV belong to the family Astroviridae, which contains a single genus, Astrovirus (26) . The HAstV genome is a polyadenylated plus-strand RNA molecule of ϳ7 kb organized in three open reading frames (ORFs): ORF1a and ORF1b, at the 5Ј end of the genome, code for the nonstructural viral proteins, while ORF2, at the 3Ј end, encodes the capsid proteins (8) . Based on the nucleotide and encoded amino acid sequences of either the amino-terminal or carboxy-terminal region of ORF2, these viruses have been grouped into eight genotypes (11, 16) , which have been shown to completely correlate with the eight established HAstV serotypes (9, 10, 12, 24, 28 ; J. B. Kurtz and T. W. Lee, Letter, Lancet ii:1405, 1984). Typing surveys indicate that HAstV type 1 (HAstV-1) is the most prevalent, types 2 to 4 are common, and types 5 to 7 are less common, while type 8 has only recently been identified (4-6, 14, 15, 21) . These studies have shown that it is not uncommon to find two or more astrovirus types circulating in one region during a given period of time, and they have also described variations in the prevalent astrovirus type with time (6, 10, 14, 15, 21, 22, 28) .
The prevalence of HAstV in children with no diarrheic symptoms has also been determined, although in a more limited number of studies. The viruses have been found in ϳ2.0% of the children analyzed (2, 3, 7, 25, 28) ; however, the astrovirus types associated with the asymptomatic infections have not been characterized.
In this study, we have determined the frequency of HAstV infection in diarrheic and nondiarrheic children in five different localities in Mexico, the genotype diversity of the HAstV strains associated with symptomatic and asymptomatic infections, and the genetic diversity (Gd) of these strains. We also evaluated the coinfection of astroviruses with adenovirus types 40 and 41 and with rotaviruses.
MATERIALS AND METHODS
Stool specimens. The samples included in this work were part of a larger study designed to determine the antigenic diversity of rotavirus strains circulating in Mexico during the period from October 1994 to March 1995 (13, 18) . Two groups of samples were analyzed. The first group comprised 710 rotavirus-negative specimens, 355 from diarrheic (symptomatic) and 355 from nondiarrheic (asymptomatic) children. The second group comprised 240 rotavirus-positive stools from 167 symptomatic and 73 asymptomatic children. The symptomatic samples were collected from infants admitted to hospitals or outpatient clinics for acute diarrhea, while asymptomatic children from the outpatient clinics were included when they requested medical attention for diseases other than diarrhea (13 Immunoelectron microscopy. Immunoelectron microscopy was performed essentially as described by Lee and Kurtz (10) . Briefly, a 10% extract of feces was prepared in phosphate-buffered saline at pH 7.3 and clarified by centrifugation at 2,000 ϫ g for 30 min. The supernatant was further centrifuged at 100,000 ϫ g for 1 h. After being drained, the pellet was resuspended in 100 l of distilled water containing 100 g of bacitracin/ml. Then, immunoelectron microscopy was carried out by mixing 4 l of a 1:100 dilution of rabbit sera to HAstV serotypes 1 to 7 (obtained from T. W. Lee and J. B. Kurtz, John Radcliffe Hospital, Oxford, United Kingdom) with 4 l of the virus suspension on a small piece of Parafilm "M" (American National Can). This was incubated in a moist chamber at 37°C for 1 h. During this period, Formvar-carbon-coated grids were placed onto drops of protein A solution (10 g/ml in phosphate-buffered saline) and left at room temperature for 20 min. They were then drained, rinsed three times in distilled water, and placed onto the virus-antiserum mixture. After 10 min of adsorption at room temperature, the grids were again washed three times in distilled water, stained with 1% phosphotungstic acid, pH 7.0, and examined in a Zeiss EM-900 electron microscope at a magnification of ϫ50,000.
RNA extraction and PCR amplification of the 3-terminal region of HAstV ORF2. Total RNA was isolated directly from fecal samples. The feces were diluted to a 10 to 20% concentration with a phosphate-buffered saline solution (pH 7.2), extracted with fluorotrichloromethane (Freon 11; Aldrich), and ultracentrifuged (55,000 rpm; TLA 100.2 rotor; OPTIMA TLX ultracentifuge; Beckman Instruments, Inc.) for 40 min at 4°C. The RNA in the pellet was extracted with trizol (Trizol reagent; GIBCO BRL) and resuspended in 10 l of sterile water. The viral RNA was used as a template to amplify the ORF2 3Ј-terminal region by reverse transcriptase PCR. The first cDNA strand was synthesized at 42°C for 50 min using 1 l of template RNA, 1 M primer End, and 0.5 mM deoxynucleoside triphosphates (20) Astrovirus genotyping. The purified PCR amplicons were sequenced with an ABI Prism automatic DNA sequencer, model 377-18 (Perkin-Elmer). The nucleotide and amino acid sequences obtained in the present work, together with the sequences in data banks whose accession numbers are listed below, were aligned by ClustalX analysis (ftp://ftp-igbmc.u-strasbg.fr/pub/ClustalX/). For HAstV-1, the sequences were L23513 (1-Oxf),
(1-Safr-h), AF257225 (1-SPM-a), and AF257222 (1-SPM-b). For HAstV-2, the sequences were L06802 (2-Oxf), Y08628 (2-Nor/UK), AY094085 (2-Safr-a), AY094084 (2-Safr-b), AY094079 (2-Safr-c), AF257229 (2-SPM-a), and AF257226 (2-SPMb). For HAstV-3, the sequences were AF141381 (3-Ber), AF257223 (3-SPM-a), AF257227 (3-SPM-b), AF395735 (1-Hun), AY094090 (3-Safr-a), AY094087 (3-Safr-b), AY093650 (3-Safr-c), Y08629 (3-Nor/UK), and AF117209 (3-USA). For HAstV-4, the sequences were Z33883 (4-Oxf), AF395736 (4-Hun), AF257228 (4-SPM), AB025812 (4-Jap-a), AB025811 (4-Jap-b), AB025801 (4-Jap-c), AB025803 (4-Jap-d), AB025802 (4-Jap-e), AB025809 (4-Jap-f), AB025808 (4-Jap-g), AB025807 (4-Jap-h), AB025805 (4-Jap-i), AB025804 (4-Jap-j), AB025806 (4-Jap-k), AB025810 (4-Jap-l), AY094092 (4-Safr), and Y08630 (4-Nor/UK). For HAstV-5, the sequences were U15136 (5-Oxf), AB037274 (5-Chia), AB037273 (5-Chi-b), AF395737 (5-Hun), Y08631 (5-Nor/UK), AY094089 (5-Safr-a), AY093651 (5-Safr-b), and AF257224 (5-SPM). For HAstV-6, the sequences were Z46658 (6-Oxf), AB031031 (6-Jap-a), AB031030 (6-Jap-b), and AY093653 (6-Safr). For HAstV-7, the sequences were AF248738 (7-Oxf), Y08632 (7-Nor/UK), AY094091 (7-Safr), and AF257221 (7-SPM). For HAstV-8, the sequences were Z66541 (8-RU), AF395738 (8-Hun), AF292079 (8-Safr-a), AY094083 (8-Safr-b), AY093649 (8-Safr-c), and AF260508 (Mer-8). The nomenclature in parentheses is used in the figures to identify the virus strains (see the legend to Fig. 1 for an explanation of the abbreviations).
All listed sequences, including those obtained in the present work, were used to determine the ORF2 3Ј-end intra-and intertype Gds (Table 1) . They were also used to construct the phylogenetic tree with the ClustalX and TreeView (http: //taxonomy.zoology.gla.ac.uk/rod/treeview/) programs.
RESULTS AND DISCUSSION
HAstV prevalence in symptomatic and asymptomatic children. During the period from October 1994 to March 1995, stool samples were collected from children Ͻ5 years old with and without diarrhea in five locations in Mexico (Mexico City, San Luis Potosí, Tlaxcala, Mérida, and Monterrey). In a previous study, these samples were screened for rotaviruses, which were found to be present in 54 (18) and 7% (unpublished results) of the symptomatic and asymptomatic children, respectively. In this study, the presence of HAstV was investigated by enzyme immunoassay (EIA) in rotavirus-positive and rotavirus-negative samples collected from both symptomatic and asymptomatic children, A total of 710 samples (355 diarrheic and 355 nondiarrheic) from rotavirus-negative children were screened for astroviruses. The prevalence of HAstV in rotavirus-negative symptomatic children was 5.4% (19 of 355), while 2.5% (9 of 355) of the asymptomatic children were positive for these viruses; the presence of astrovirus particles was confirmed by immunoelectron microscopy in 24 of the 28 EIA-positive samples. To assess the frequency of HAstV in rotavirus-positive children, 240 samples (167 diarrheic and 73 nondiarrheic) were tested. Astroviruses were found in 3% (5 of 167) of the diarrheic samples and in 2.7% (2 of 73) of the nondiarrheic samples. FIG. 1. Amino acid sequence alignment of the carboxy-terminal region of ORF2 from different HAstV types. The sequences within a given type are aligned with a reference strain of known serotype. The 34 HAstV sequences characterized in the present study, isolated from both rotavirus-negative and rotavirus-positive samples, are included in this alignment, together with all sequences reported for this region from HAstV isolated from different parts of the world. The names of the corresponding Mexican astrovirus strains are shown in boldface. Shown in parentheses are the numbers of HAstV strains found in this study having identical sequences. The column S/A indicates whether the HAstV strains were isolated from symptomatic (S) or asymptomatic (A) children. The superscript RVH indicates that the corresponding astrovirus strain was identified in a rotavirus-positive sample. The sequence numbering is according to the ORF2 polyprotein sequence of each reference strain. Empty spaces indicate amino acid identity. Ber, HAstV strains from Berlin, Germany; Chi, strains from China; DF, strains from Mexico City, Mexico; Hun, strains from Hungary; Jap, strains from Japan; Mer, strains from Mérida, Mexico; Mty, strains from Monterrey, Mexico; New, strains from Newcastle, England; Nor/UK, strains from Norway and/or the United Kingdom; Oxf, strains from Oxford, England; Safr, strains from South Africa; SLP, strains from San Luis Potosí, Mexico; SPM, strains from San Pedro Martir, Mexico; Tlx, strains from Tlaxcala, Mexico; UK, strains from the United Kingdom; USA, strains from the United States. The letters a, b, c, etc., identify more than one specimen from the same location.
Overall, considering both rotavirus-negative and -positive samples, the frequency of HAstV was 4.6% (24 of 522) in symptomatic children versus 2.6% (11 of 428) in asymptomatic children. In general, a tendency toward association between the presence of HAstV and diarrheic symptoms was observed ( 2 ϭ 2.725; P ϭ 0.099), but it did not reach statistical significance. It is important to mention that we tested a larger percentage of rotavirus-negative (42%) than rotavirus-positive (35%) stools from the original collection of samples (1,091 diarrheic and 1,305 nondiarrheic). Thus, since the rotavirusnegative stools have a higher rate of astrovirus positivity, the extrapolated rates for the original sample set would be 4.1% (45 of 1,091) for diarrheic children and 2.5% (33 of 1,305) for nondiarrheic children.
The prevalence of HAstV in symptomatic children found in this work is similar to the frequency reported from other regions of the world, which has been described as fluctuating between 2 and 16% (2, 4, 14, 19, 22, 23, 25) . Likewise, the HAstV prevalence found among the asymptomatic children is also similar to the prevalence of ϳ2.0% observed in asymptomatic astrovirus infections in Bangladesh (25), France (2), Guatemala (3), and Thailand (7).
HAstV were found in the five locations studied, indicating that these viruses are widely distributed throughout the country. The prevalence of HAstV varied from 2.6 (San Luis Potosí) to 7% (Mexico City) among the symptomatic patients and from 0 (San Luis Potosí) to 4.1% (Mérida) among the asymptomatic children (data not shown).
Genotype diversity of HAstV strains. To determine the genomic types (genotypes) of the detected HAstV strains, the 3Ј-end region of the genome, encoding the 66 carboxy-terminal amino acids encoded by ORF2, was amplified by reverse transcriptase PCR and sequenced. The virus genotype was determined based on this amino acid region but excluding from the analysis the 5 amino acids at the carboxy terminus of the polyprotein, which are conserved among different virus types. This analyzed region has been shown to be variable between strains belonging to different serotypes (11) , and phylogenetic analysis of a region somewhat larger than this showed that eight genogroups can be differentiated, with different isolates of the same serotype clustering together, indicating that typing antibodies differentiate among phylogenetically distinct groups defined by the 3Ј-end sequence of HAstV ORF2 (12, 28) .
The sequences of 34 (24 from symptomatic children and 10 from asymptomatic children) out of 35 detected HAstV strains were determined. Only one strain could not be sequenced due to the small amount of sample available, but this strain was identified as genotype 4, since the carboxy-terminal ORF2 region was amplified by PCR using serotype-specific primers. Each of the amino acid sequences of the astrovirus strains characterized in this study was related to the sequence of one of the eight known HAstV serotypes (Fig. 1) , and phylogenetic analysis of the carboxy-terminal regions of the astrovirus ORF2 polyproteins from all available sequences showed that each of the Mexican isolates clustered with one of the eight described genogroups (Fig. 2) . Seven (29%) of the strains from symptomatic children clustered with genotype 1 HAstV strains, six (25%) clustered with genotype 3 strains, four (17%) clustered with genotype 8, three (13%) clustered with genotype 2, and three (13%) clustered with genotype 4 astroviruses. The 11 isolates detected in the samples from asymptomatic children were found to belong to types 1 (2 isolates; 18%), 2 (1 isolate; 9%), 3 (4 isolates; 36%), 4 (1 isolate; 9%), 7 (1 isolate; 9%), and 8 (2 isolates; 18%). Of particular interest was the finding of six genotype 8 strains (four in Mérida, one in Monterrey, and one Mexico City), since this astrovirus type has been detected only sporadically in Australia (14) , Egypt (15), South Africa (24) , and Spain (6) .
The genotype diversity of HAstV found in this study, together with the previous detection of HAstV-1 to -5 and -7 in Mexico City (28) , indicates that the eight known astrovirus types circulate in Mexico. The high diversity of astrovirus types is not uncommon and has also been reported in countries like Bangladesh, Egypt, Spain, and England (6, 10, 15, 25) .
The six HAstV genotypes detected in the asymptomatic controls, with the exception of types 6 and 7, were also found among the symptomatic children. These results suggest that there is not an association between the infecting HAstV type and the presence or absence of diarrheic symptoms, although a larger number of astrovirus strains isolated from symptomatic and asymptomatic infants need to be characterized to address this question.
Gd of HAstV. In order to determine the Gd of the analyzed ORF2 region of HAstV, we calculated the intra-and intertype virus diversity using the deduced amino acid sequences obtained in this work together with those previously reported ( Table 1) . The Gd was calculated as the quotient of the number of amino acid changes divided by the total number of amino acid residues analyzed (61 for types 1, 2, 3, 5, 7, and 8; 59 for type 4; and 53 for type 6). This analysis showed that the intratype Gd is always lower than that found between different types (Table 1) . Despite the fact that in some cases there is a low Gd between viruses that are classified as different types (for instance, types 3 and 7 [Gd, 0.11 to 0.18]), the intratype Gds for type 3 (0 to 0.07) and type 7 (0 to 0.04) viruses are low enough to correctly classify the HAstV strains belonging to these types.
The analysis of the ORF2 amino acid sequences from the astrovirus strains identified in this study showed that in some cases multiple specimens from the same location had identical sequences (Fig. 1) . For instance, all HAstV strains belonging to type 1 from Mérida had identical sequences, as was also the case for the type 8 viruses detected in that locality, regardless of whether they were isolated from a symptomatic or asymptomatic patient or obtained from a rotavirus-negative or rotavirus-positive sample; this was also the case for four of the five type 1 astrovirus strains from Monterrey (Mty-a) (Fig. 1) . In addition, despite the fact that the type 4 strains have the highest intratype Gd (0 to 0.24) (Table 1) , the type 4 viruses detected in this study were all very closely related (Gd, 0.02). Similarly, the sequences of the four identified type 2 strains (Fig. 1, DF , Mty, SLP, and Tlx) differed among themselves at only one or two amino acid positions (Gd, 0.02 to 0.03). HAstV-3 and -8 were the most conserved, as the 10 and 6 strains, respectively, identified for each serotype all had identical sequences intratype, regardless of the city from which they were isolated.
In general, the Mexican HAstV strains belonging to a given type were more similar to each other than to strains of the same type isolated from other parts of the world, with some exceptions. In HAstV-1, almost all Mexican strains that were detected, including those previously reported (28) , were very closely related (Gd, 0.02). However, four viruses from Monterrey (Mty-a) had sequences identical to that of a strain from Newcastle, England (New), and had only one amino acid change (Gd, 0.02) compared to strains from Norway-United Kingdom and Hungary (Fig. 1) . The type 3 Mexican strains characterized in this study had sequences identical to those of strains from Norway-United Kingdom, the United States, and South Africa, indicating that viruses within this type are highly conserved. The type 4 Mexican strains clustered together with one of the Japanese strains previously characterized (Jap-c; Gd, 0 to 0.02) but clearly differed from other Japanese strains (Gd, 0.08 to 0.17) ( Fig. 1 and 2) . The single type 6 (Mty) HAstV strain detected was different from other type 6 strains reported from Japan and Hungary and was more closely related to a United Kingdom isolate. The sequence from the type 7 (Mer) astrovirus strain was very similar (Gd, 0.004) to those previously reported from Europe and Africa. Finally, all type 8 strains detected were similar to a South African isolate (Safr-a; Gd, 0.03) and were more distant from the United Kingdom strain (Gd, 0.08).
The low intratype RNA sequence diversity observed in this and a previous work (17) is reflected in the conserved intratype amino acid sequence of the ORF2 region analyzed. This observation, together with the distinct differences among types, suggests that the different astrovirus types diverged a long time ago and supports the idea that serotypes, determined by the reactivities of antibodies, represent phylogenetically distinct groups (12, 17) . The low intratype Gd observed might also be useful to trace the origin and movement of HAstV strains around the world.
Geographical distribution of the HAstV types. The distribution of the HAstV genotypes varied from one region to another (Fig. 3) . The most widely distributed were type 2 astroviruses, which were present in four of the five locations studied. At least two different types were found to cocirculate in each location, with the exception of San Luis Potosí, where only one sample was found to be positive for astrovirus. In symptomatic children, astrovirus types 1 and 3 were the most frequently detected (29 and 25%, respectively). However, they were not present in all locations studied: type 1 viruses were found only in Mérida and Monterrey, while type 3 viruses were detected only in Mexico City, Tlaxcala, and Monterrey. In the case of the asymptomatic strains, the type 3 viruses were the most frequently found (36%), but their distribution was also limited to Monterrey and Mexico City. This sort of heterogeneous distribution of astrovirus types has also been observed in other studies; for instance, in a survey carried out in five regions of Japan, type 1 viruses were present in all locations studied, while the circulation of types 2 and 3, the other two HAstV types identified, was limited to particular locations (21) .
Thus, although the eight HAstV types circulate in Mexico, their prevalences vary from one location to another, and they also seems to depend on the period of time evaluated, since in a previous study carried out in a small periurban community in Mexico City it was observed that the HAstV type distribution changed throughout the year (28) . Thus, for instance, in a given year type 3 was detected from January to March while type 2 viruses were found from April to August (28) . The reasons for the variation in the prevalent HAstV types with time and location are, however, unknown.
Coinfection by astroviruses, rotaviruses, and adenoviruses. As described above, astroviruses were found in 3% (5 of 167) of the diarrheic samples and in 2.7% (2 of 73) of the nondiarrheic samples from rotavirus-positive children (Fig. 3) . Despite the fact that dual infections by human astroviruses and rotaviruses in children with diarrhea are common (2, 4), it is not clear whether infection with one of these viruses favors infection by the second. The observation in this study that astroviruses are found at similar frequencies in both rotaviruspositive and rotavirus-negative diarrheic stools suggests that there is not a synergy between infections by these two viruses.
The presence of enteric adenoviruses was determined by EIA in the same fecal samples that were used for astrovirus detection. Adenoviruses were present in 14 out of the 710 rotavirus-negative samples analyzed. In symptomatic children, 2.8% (10 of 355) of the samples were positive for these viruses, while in asymptomatic children their prevalence was 1.1% (4 of 355). No coinfections between adenoviruses and HAstV were detected. In the rotavirus-positive samples, dual infections by rotaviruses and adenoviruses were found in 1.2 (2 of 167) and 2.7% (2 of 73) of the samples from symptomatic and asymptomatic children, respectively. Overall, adenoviruses were found in 2.3 (12 of 522) and 1.4% (6 of 428) of diarrheic and nondiarrheic samples, respectively.
The astrovirus prevalence rate found in this study was twice as high as that of enteric adenoviruses but much lower than that reported for rotaviruses in the same collection of samples. However, to establish the relative epidemiological importance of these and other gastrointestinal viruses in symptomatic and asymptomatic infections in Mexico, it is important to carry out additional studies that span at least two consecutive years and several different locations in the country.
